but only a few produce cellulolytic enzymes of high potency and stability. Of these, Trichoderma found above 0.2 megarads. Survivors (0.05-0.20 megarads) were plated on desoxycholate agar (BBL). On this medium, the growth was greatly restricted and the colonies did not exceed 2 mm in diameter even after long incubation. Yet sporulation occurred, and, when transferred to potato dextrose agar, the fungus grew normally. Isolates were then grown in cellulose medium (6) and examined for cellulase production. A strain designated as QM9123 was isolated (dose, 0.05 (6) . Increases in cellulase yields have been achieved by optimizing cultural conditions (6) and by addition of surfactants to the medium (7) . A further increase of the enzyme yield was obtained by mutating the fungus as described below. Conidia of the parent T. viride QM6a (6) were suspended in distilled water and irradiated at 20 C with high energy electrons from a 24-million electron volt, 18-kw linear accelerator (3).
More than 95%7, of the conidia were killed by a dose of 0.05 megarads, and no survivors were megarads) which produced twice as much cellulase as the parent strain (Table 1) . Another isolate, QM9136 (dose, 0.05 megarads), did not produce cellulase. Except for cellulase production, both strains closely resembled the parent in their growth characteristics.
The three strains were compared for growth and enzyme production on various media (Table  2 ). On potato dextrose agar, the colonies grew rapidly at an equal rate and covered an entire slant or plate in 2 or 3 days at 25 C. In shaken flasks, they formed dense diffuse mycelium. Pellets were not formed. On starch and sugars, growth was rapid and the substrates were consumed in 3 days. Growth on cellulose was slower, with particles of cellulose still visible microscopically after 7 days, with the exception of mutant QM9136 which did not grow on cellulose. Enzymes attacking starch and ( 1 -* 3 glucan were produced on all substrates by all three strains. Mutants QM6a and QM9123 produced cellulase when grown in cellobiose, lactose, and cellulose. More protein was secreted into the medium when grown in cellulose than in other substrates, and mutant QM9123 produced and secreted twice as much protein and twice as much cellulase on cellulose as did the parent QM6a. Cellulase level closely paralleled the level of soluble protein (Fig. 1) . The mutant QM9123 has retained its increased activity for over 2 years with frequent subcultures on potato dextrose agar and has retained it when stored in lyophilized state.
The mutations in T. viride appeared to be specific for cellulase without marked effect on other carbohydrases. In contrast, a mutation of Neurospora induced by ultraviolet has been reported (2) that resulted in increased production of glucamylase, ,s-fructofuranosidase, and trehalase but did not affect production of alkaline phosphatase. Mutant QM9123 produced a greater quantity of the same cellulase produced by the parent QM6a with similar ratios of activities on different cellulose substrates. Mutant QM9136 lost all the cellulase activity and culture filtrates of this strain neither inhibited nor stimulated cellulase activity of other cellulase preparations. Despite further mutagenic treatments, this strain has never back-mutated to a cellulase-producing strain.
Cellulase from mutant QM9123 has been used to hydrolyze rapidly cellulose pulp to glucose at conversions approaching 100%/' and yielding glucosesyrupsasgreat as 15% (Ghose and Kostick, Biotechnol. Bioeng., in press). Additional improvements in this mutant would promote applications of cellulase to waste disposal and other problems.
